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Abstract: 
 
The Northeast Atlantic blue whiting (Micromesistius poutassou) stock has undergone striking changes 
in abundance in the last 15 years. The stock increased dramatically in the late 1990s due to a 
succession of eight unusually strong year classes and dropped again equally dramatically after 2005 
when the recruitment collapsed to former levels. The North Atlantic subpolar gyre has previously been 
shown to have a strong influence on the behaviour of this stock: synchronous changes in the gyre and 
recruitment suggest a causal linkage and the possibility of forecasting recruitment. A range of 
mechanisms are reviewed that may explain these observed changes, with two major candidate 
hypotheses being identified. One hypothesis suggests that the large mackerel (Scomber scombrus) 
stock in this region may feed on the pre-recruits of blue whiting, with the spatial overlap between blue 
whiting and mackerel being regulated by the subpolar gyre. Alternatively, variations in the physical 
environment may have given rise to changes in the amount, type and availability of food for larvae and 
juveniles, impacting their growth and survival and therefore recruitment. It was not possible to draw 
firm conclusions about the validity of either of these hypotheses: nevertheless, forecasting recruitment 
to this stock may be possible in the future if the underlying mechanisms can be resolved. 
 
 
Keywords: Blue whiting, recruitment, recruitment forecasting, sub-polar gyre, physical–biological 
interactions 
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1. Introduction 
 
Blue whiting (Micromesistius poutassou Risso, 1827) is a pelagic planktivorous gadoid found 
throughout the Northeast Atlantic. The species ranges from the Iberian Peninsula and the 
Mediterranean in the south to the Barents Sea in the north, from the North Sea to the Mid-
Atlantic ridge and even as far as the east coast of North America (Figure 1) (Bainbridge and 
Cooper, 1973; Baily, 1982 ; Monstad, 2004; Heino et al 2008). However, in spite of the 
extremely wide geographic range, the species is currently managed as a single stock based 
around spawning grounds along the continental-shelf edge west of the British Isles (ICES, 
2010a).  
Both the spawning-stock biomass and recruitment to this stock have varied widely during the 
period covered by formal stock assessment (1981-2009) (Figure 2). Year classes during the 
1980s and early 1990s were typically around 10 billion individuals. However, unusually large 
year-classes were produced after 1996 (~45 billion individuals) and particularly in the period 
2000-2002 (~50-60 billion individuals), driving an increase in the spawning stock biomass 
from ~2-3 million tonnes during the 1980s and early 1990s to a peak of 7 million tonnes in 
the mid 2000s. The fishery, riding on the back of the strong year–classes, expanded rapidly 
in the late 1990s and catches peaked at nearly 2.5 million tonnes in 2004, making it one of 
the largest fisheries in the world at that time. However, in recent times (the 2005 year-class 
and onwards) the recruitment has declined abruptly to below pre-1995 levels that, together 
with high catches, has lead to a precipitous recent drop in the spawning stock biomass 
(ICES, 2010a).  
Such dramatic changes pose both severe management challenges and test our scientific 
understanding. The expansion of the fishery during the late 1990s saw the catch increase by 
a factor of 500%: the subsequent recruitment collapse led to a reduction in catch of 75% 
between 2004 and 2009, and a recommendation for the closure of the fishery in 2011 (ICES, 
2010a). If the mechanisms driving such changes were understood, and if shifts between 
such high and low recruitment regimes could be predicted in advance, management of this 
stock could potentially be optimized to avoid such difficulties. 
Recent work has hinted at a potential mechanism that may be driving these changes. 
Oceanographic conditions in the spawning region are dominated by the dynamics of the 
North Atlantic sub-polar gyre (SPG) (Hátún et al. 2005). A strong SPG results in cold 
subarctic conditions (Figure 3a), whilst a weak SPG leads to warm saline subtropical 
conditions around the Rockall Plateau (Figure 3b). Hátún et al. (2009a) showed a link 
between the spawning distribution of the blue whiting stock and the dynamics of the North 
Atlantic sub-polar gyre (SPG): distributional changes were seen in observations of larvae, in 
the spatial distribution of catches and in scientific acoustic surveys covering the spawning 
region. In a second paper, Hátún et al. (2009b), looked at the biogeography of the Northeast 
Atlantic more generally, and were able to demonstrate the influence of the SPG across four 
different trophic levels, from phytoplankton through zooplankton and blue whiting up to pilot 
whales (Globicephala melas Traill, 1809). This work contributed further to our understanding 
of blue whiting dynamics, demonstrating that the post-spawning distribution of fish varied in 
agreement with the SPG. Furthermore, we note here that the rapid increase in recruitment to 
this stock in the mid-1990s (Figure 2) is coincident with an equally dramatic change in the 
strength of the SPG (Figure 3c). These results therefore suggest that the SPG has a strong, 
and possibly determining, influence on the dynamics of the blue whiting population.  
Such a linkage can potentially form the basis for recruitment prediction. The dynamics of the 
SPG are readily observed (Häkkinen and Rhines, 2004), modelled (Hátún et al., 2005) and 
possibly even forecast (Lohman et al. 2009): if the hypothesised physical-biological linkage 
can be rigorously demonstrated then a basis for predicting recruitment based on the state of 
the gyre therefore exists. However, care must also be taken to avoid the common fallacy of 
making predictions solely on correlations between a physical variable and recruitment: while 
such statistical correlations may hold in the short term, they tend to break down in the 
3 
 
medium and longer term (e.g. Meyers, 1998). Elucidating and understanding the underlying 
mechanisms is therefore a necessary prerequisite for any such forecasting system. 
In this work, we review and evaluate the potential mechanisms that could have driven the 
dramatic rise and fall of recruitment to the NE Atlantic blue whiting stock. The hypothesised 
linkages with the North Atlantic sub-polar gyre serve as a “red-thread” in this regard, 
providing a tool to link and generalize diverse physical and biological phenomena. We first 
examine changes in the physical and biological environment of blue whiting spawning and 
nursery areas. We then review a set of hypotheses regarding the processes that could 
impact the recruitment dynamics. Finally, we consider whether recruitment forecasting is 
currently feasible, given the existing state of knowledge, and draw conclusions about the 
further elements required to enable such forecasts. 
 
 
2. The physical and biological environment 
 
Blue whiting spawn and spend the larval stage and part of the juvenile stage in the waters 
west of the British Isles, both along the continental shelf and on and around the Rockall 
Plateau and Rockall Trough (Bailey, 1982; Hatún et al., 2009a) (Figure 1). The marine 
climate (temperature, salinity, currents) in this region is highly variable (Holliday 2003) and 
provides the background against which changes in the recruitment dynamics have occurred. 
However, the physical processes acting on the different regions within the spawning area 
(the European Continental Shelf, open-ocean, the Rockall Plateau and the other oceanic 
banks) differ and the variability that characterizes the sub-regions is therefore also different. 
Here we examine the dynamics of the physical and biological environments of each region 
as a way to set the stage for a later examination of any potential coupling with recruitment. 
The North Atlantic basin is influenced by the increasing Northern Hemisphere temperature 
trend (Beaugrand et al., 2002), which in turn is related to ongoing climate change (IPCC, 
2007). This hemispheric/global trend has a stronger influence on the relatively shallow 
European Shelf Seas and on the waters near the continental shelf than it has on the much 
deeper oceanic regions. This type of variability has previously been linked to increases in 
sea phytoplankton (Edwards et al., 2002) and surface temperature (SST) (Figure 4) and a 
decline in the copepod Calanus finmarchicus (Gunnerus, 1770) in the North Sea (Planque 
and Fromentin, 1996). 
The importance of the North Atlantic sub-polar gyre in the marine climate of the North 
Atlantic has recently been recognized (Hatún et al., 2005).  This large oceanographic feature 
is a body of colder, lower-salinity sub-arctic water south of Iceland between the British Isles 
and Greenland (Figure 3a,b). The interface between the subarctic waters of the gyre and the 
Atlantic water masses defines the subarctic front and thus the flow path of the North Atlantic 
Current (NAC) (Wade et al., 1997; Hatún et al., 2005). These dynamics are described by a 
“sub-polar gyre index" that characterises the extent of the gyre (Häkkinen and Rhines, 2004) 
(Figure 3c). When subarctic water is present at the southern tip of the Rockall Plateau, a 
large proportion of the NAC flows into the Rockall Trough and along the eastern side of the 
Rockall Plateau, embedding the plateau in subarctic water masses (subarctic state - Fig. 
3a). This state was primarily observed during the early 1990s, and is associated with low 
blue whiting recruitment (Figure 2) and a low SPG index (Figure 3c). When, on the other 
hand, the gyre boundary is located farther west and the NAC mainly flows along the western 
side of the Rockall Plateau, both the plateau and the region south of Iceland are flooded with 
warmer and more saline Modified North Atlantic Water (MNAW) (Hansen and Østerhus, 
2000) (subtropical state - Fig. 3b). This has largely been the case after 1996, although with 
shorter term disruptions, and was generally associated with high blue whiting recruitment (at 
least in the late 1990s and early 2000s) (Figure 2) and a high gyre index (Figure 3c). The 
splitting of the NAC south of the Rockall Plateau is especially important for the 
oceanographic environment around Rockall. As the NAC splits around the Rockall Plateau, 
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subtle changes in its flow path can cause large and rapid shifts in the marine climate on and 
around both the Rockall Plateau and in the Iceland Basin. Similarly, a strong influx from the 
NAC into the Rockall Trough might wash the Rockall Bank with oceanic water, breaking 
down the local retention system (Dooley, 1984).  
These changes in the physical environment are also associated with changes in the 
biological environment. A weak gyre circulation is characterized by reduced abundances of 
C. finmarchicus, but increased abundances of the warmer water copepods Pseudocalanus 
spp, Acartia spp. and Oithona  spp. and vice versa when the gyre is strong (Hátún et al. 
(2009b): these species are among the most important larval prey items for blue whiting 
(Bailey, 1982). Furthermore, an increasing mean water temperature in the feeding area 
shifted the southern distribution edge of C. finmarchicus, an important prey item for 0- and 1-
group blue whiting, northwards (ICES 2008).  
 
 
3. Processes potentially impacting recruitment 
 
Many recruitment studies are based on the paradigm that there is a single, clearly 
identifiable factor responsible for the annual production of marine fish that typically acts 
during the earliest life-history stages (Houde, 2008; Leggett and Frank, 2008). This “critical 
period” approach (sensu Hjort, 1914) often focuses on density independent factors affecting 
recruitment, involving biological responses to both the physical and biological environment. 
Here we consider the following major processes that can potentially impact the recruitment 
dynamics: 1) dispersal processes 2) growth rates 3) prey availability and starvation 4) 
predation 5) the role of stock structure. 
 
3.1. Dispersal processes 
Dispersal processes are often thought to be an important factor influencing recruitment in 
fish stocks (Houde 2008). Blue whiting spawn along the shelf edge and banks west of the 
British Isles from January/February to April/May, with the main spawning occurring during 
March and April (Skogen et al., 1999). Juveniles are abundant in many areas, but the main 
nursery area is believed to be the Norwegian Sea (Monstad 2004). During the early life-
history stages, the larvae are essentially planktonic and therefore the physical and biological 
environment that they experience is determined by the combination of the spawning location 
(in time and space) and the currents that carry them. Thus, while dispersal processes do not 
directly cause mortality, inter-annual changes in dispersal need to be considered in 
conjunction with processes that can directly cause mortality e.g. starvation, predation. 
Several studies using numerical circulation models for simulation of larval drift have been 
carried out. The possible importance of the variability of the drift pattern for the recruitment of 
blue whiting has been studied by Svendsen et al. (1996). They showed that large variations 
in the drift patterns were seen from year to year, but generally much larger amounts of 
larvae than expected drifted southward from the Porcupine Bank area west of Ireland to the 
Bay of Biscay. Typically, larvae hatched on the northern side of the Porcupine Bank drift 
northwards through the Faroe-Shetland Channel, and most of these larvae were located on 
the shelf. Other work elaborated on this north-south split in drift trajectories in more detail 
(Bartsch and Coombs, 1997; Skogen et al., 1999), suggesting a separation north of 
Porcupine Bank at about 53-54ºN. A large degree of interannual variability in these drift 
patterns was found.  
There is, however, an absence of drift studies examining the consequences of the dramatic 
changes in the sub-polar gyre in the mid-1990s. It is therefore not currently possible to draw 
conclusions about what the implications (if any) of these potential changes in circulation 
have been. Furthermore, the relative importance of the drift phase in the population 
dynamics of this specific stock has not been quantified. Behavioral characteristics of the 
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post-larvae, such as shoaling and vertical migration, can also influence the dispersal of 
individuals. Most importantly, the transition from planktonic to nektonic behavior represents 
the point at which the juveniles are able to control their own spatial position, and where the 
significance of oceanic currents starts to diminish. Unfortunately, these processes are 
currently poorly understood for blue whiting: further behavioral and ontological research is 
therefore required before a full assessment of the role of dispersion, and its variability, can 
be undertaken.  
 
3.2. Growth 
The hypothesis that survival is a direct function of growth has been suggested as a rational 
theoretical framework for recruitment research (Anderson 1988). In the growth-mortality 
hypothesis (Ware, 1975; Shepherd & Cushing, 1980), it is hypothesized that predation 
decreases with increasing size (Folkvord & Hunter, 1986; Pepin 1991). Higher growth rates 
therefore enhance the chance of survival by reducing the duration of the “predation window”, 
i.e. the time the larvae is “small” and an easy target for predators. Conditions that determine 
growth rates during the larval phase, such as food availability (direct) and increased ambient 
temperature (indirect) leading to faster growth, will therefore ultimately determine survival. 
Pepin et al. (1987) demonstrated that this is generally true for vertebrate and invertebrate 
marine predators. There are unfortunately no known studies that have examined the 
relationship between growth rates and survival/mortality in blue whiting. Nevertheless, by 
extension from other species, this hypothesis could be expected to play a significant role in 
the survival of the early life stages of blue whiting. 
Larval growth histories determined from otoliths can provide a useful tool to understand the 
variability in growth. Recent work on blue whiting (Brophy and King, 2007) has shown that 
groups that are spatially or temporally distinct after hatching have measurable differences in 
the larval portion of the otolith. Larvae from the Bay of Biscay were found to grow faster than 
those from more northerly spawning areas, suggesting that mixing of fish from these areas is 
limited. Furthermore, fish spawning to the west of Ireland and Scotland do not form a 
randomly mixing unit: subunits within this aggregation have experienced differences during 
the larval phase. The factors responsible for the variability that was observed in otolith 
growth were not tested by this study. It is likely that differences in larval otolith growth rate 
reflect variations in temperature and food supply along larval drift trajectories, and they may 
also be influenced by the timing of hatching and by selective mortality during the larval 
phase. 
 
3.3. Prey 
Larval survival is influenced by both the quantity and quality of suitable prey items. These 
factors could be the reason for the apparent higher survival rates when the waters around 
the Porcupine Bank and the Rockall Bank originate from the south (sub-tropical waters / 
weak SPG) and contain higher proportions of suitable prey. On the other hand, the water 
masses coming from the west, when the subpolar gyre is strong, contain significantly 
different fauna (Hátún el al. 2009b). Unfortunately, the details of the prey preferences of blue 
whiting larvae and juveniles are poorly understood, and so it is not currently possible to 
assess whether these changes have an impact or not. 
Food limitation could be a significant issue for this stock. The Nordic Seas are typically 
considered the main nursery and feeding grounds for blue whiting (e.g. Baily 1982; 
Monstand 2004) and the Norwegian Sea has historically been thought to produce enough 
zooplankton to feed the large amount of pelagic fish that live there (Skjoldal, 2004). 
However, the biomass of zooplankton (i.e. mostly Calanus spp.) in the Norwegian Sea and 
adjacent areas has decreased during the last fifteen years (ICES, 2010b) (Figure 5). In 
parallel, the combined biomass of pelagic fish (blue whiting, mackerel (Scomber scombrus 
L., 1758)  and Norwegian spring spawning herring (Clupea harengus L., 1758) has 
6 
 
increased (ICES, 2010a). The question therefore can be posed: is there enough food in the 
Norwegian Sea to feed more than 20 million tonnes of pelagic fish? Have the pelagic stocks 
reached a size where they negatively affect their own recruitment through overgrazing of 
their food resources? It can be postulated that the low plankton abundance would put 
pressure on young (0 and 1 group) blue whiting feeding on small zooplankton in the area. 
However, how, or whether, these significant changes relate to the survival of blue whiting 
eggs and larvae is not immediately obvious: at best, such a hypothesis could explain the 
decrease in recruitment from 2005 onwards (i.e. by starvation of juveniles and/or poor 
parental condition) but not the post-1996 increase. More detailed studies are therefore 
needed to quantify these effects and their potential implications for the blue whiting stock.  
 
3.4. Predation 
Predation is a complex factor in the survival of larvae that is poorly understood (Bailey and 
Houde, 1989; Fuiman, 1994), both in general and specifically for blue whiting. Both the 
intensity of predation and the major predators change throughout the life history of a fish e.g. 
predation by invertebrates generally decreases substantially during the late-larval stage, 
whereas the predation pressure exerted by fish increases (Fuiman and Gamble, 1989). 
Predation must also be considered in a spatial context: variations in the overlap between 
predators and prey can also change survival rates. 
Mackerel are a potential major predator on blue whiting eggs, larvae and juveniles. Mackerel 
are known to prey upon juvenile blue whiting: Olaso et al. (2005) demonstrated a shift in the 
mackerel diet from over 90% krill (euphausiids) to over 90% blue whiting from spring to 
autumn off northern Spain. Cabral and Murta (2002) also found that blue whiting was the 
main prey in mackerel stomachs off Portugal. The northeast Atlantic mackerel stock is large 
and widely distributed and is currently at historic highs with an estimated SSB of around 3 
million tonnes (ICES, 2010a). This mackerel stock therefore has the theoretical ability to 
impact the juvenile blue whiting population.  
Importantly, there are indications that the intensity of mackerel predation upon blue whiting is 
not constant in time. The spawning distribution of blue whiting has been shown to be 
regulated by the dynamics of the sub-polar gyre (Hátún et al. 2009a) with spawning taking 
place along the continental shelf-edge when the gyre index is low (sub-arctic state; early 
1990s), and around Rockall plateau when the gyre index is high (sub-tropical state; late 
1990s). Mackerel egg-surveys, on the other hand, have shown that their spawning 
distribution tends to be more limited to the continental shelf-edge during the March-April 
period, while later in April and May the mackerel seem to spread over the entire spawning 
area of blue whiting (ICES, 2010b). The spatial overlap between the spawning distribution of 
blue whiting and mackerel might therefore vary in accordance with the sub-polar gyre, with 
reduced overlap (and therefore predation) in years with good blue whiting recruitment and a 
high gyre index (Figure 6).  
The hypothesis of mackerel predation is therefore consistent with the data currently 
available. Mackerel may prey upon the juvenile blue whiting, thus affecting blue whiting 
recruitment negatively, with the intensity of this process being modulated, in the first 
instance, by the sub-polar gyre. However, many key pieces of this hypothesis are still 
missing: it is not clear, for example, at which stage the predation takes places (specifically 
on eggs, larvae, or juveniles, or across all stages?). Further investigation is therefore 
required to explore this hypothesis. Stomach sampling of mackerel on the blue whiting 
spawning grounds and downstream of these areas throughout the year would form a logical 
first step in this direction. 
 
3.5. Stock structure 
Changes in stock structure can have a considerable influence on the reproductive potential 
of a stock and can in turn contribute to the recruitment variability (Trippel, 1998; Marshall et 
7 
 
al., 2003, 2006). It is quite common that first-time spawners spawn later in the season than 
the repeat spawners (Slotte et al., 2000). Hence, the proportion of recruits among the 
spawners may have a significant effect on spawning time, thereby indirectly affecting the 
survival since hatching time is found to be a significant factor influencing recruitment in fish 
(Fortier and Quinonez-Velazquez, 1998; Lapolla and Buckley, 2005; Nishimura et al., 2007; 
Husebø et al. 2009). Unfortunately, there is currently insufficient information available to 
reliability assess changes in spawning date in this stock. 
Large changes in the stock structure can be expected, given the large changes observed in 
recruitment. Such changes would have been especially important at the start of the high-
recruitment period (spawning stock dominated by first time spawners) and the end 
(spawning dominated by repeat spawners). However, the dramatic changes in recruitment 
contradict the expected effects of changes in stock structure (poorer recruitment in first-time-
spawner-dominated scenarios). Changes in recruitment therefore appear to have induced 
changes in the stock structure (rather than vice versa): it would appear that this is, at most, a 
second order effect. 
 
 
4. Potential for Prediction 
 
The previous section examined a range of candidate mechanisms that may account for the 
wide range of recruitment levels observed in the blue whiting stock in recent times. Under 
the assumption that all of these hypotheses are (or could be) understood, there is therefore 
the (theoretical) potential for making predictions about recruitment to this stock. However, in 
order to make such a prediction, it is first necessary that we understand the system at hand, 
and particularly the processes driving it: the break-down of simple recruitment-environment 
correlations several years after their publication is a well known and well documented 
phenomenon in the fisheries literature (Myers, 1998). Given the uncertainty in our current 
state of biological knowledge, we therefore avoid making outright predictions. Instead, we 
illustrate how such a system might be developed and structured. 
When considering any form of prediction, it is useful to have a baseline prediction model 
against which to compare other models: only in cases where the proposed prediction 
scheme can be shown to outperform the baseline case should the newer scheme be 
considered. A common basis for predicting and projecting recruitment to a fish-stock is using 
a relationship between the spawning stock biomass (SSB) and recruitment (Myers et al. 
1994). Such a model has the advantage that it includes mechanistic understanding (SSB 
can be interpreted as a proxy of stock reproductive potential), and if sufficiently strong, can 
be propagated many years into the future. However, a relationship between spawning-stock 
biomass and recruitment in this stock is essentially absent (Figure 7a), with no clear 
functional form, and a very high degree of scatter about similar biomass levels. We therefore 
conclude that such an approach is not possible with the time series of data currently 
available.  
An alternative approach is to forecast the recruitment based on the state of the 
oceanographic system. Previously we have suggested potential mechanistic linkages 
between the recruitment and the oceanographic conditions: such a forecast would therefore 
have at least some mechanistic understanding to support it. However, the correlation 
between the gyre index and the (log) year‐class strength is not significant (p=0.594, r=0.10, 
Figure 7b). Similarly, there is no significant correlation between the (log) recruits per 
spawner in a cohort and the gyre index (p=0.173, r=0.27). The relationships between the 
gyre index and either recruitment metric are therefore indistinguishable from random noise, 
and therefore are not suitable as a basis for forecasting either. 
We note the high degree of auto-correlation apparent in the time series of recruitment 
(Figure 2), and therefore propose a model based around the premise that “recruitment next 
year will be the same as this year”. The correlation between recruitments in successive 
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years is highly significant (p<0.001, r=0.78, Figure 7c), suggesting strong support for this 
model. Longer time lags were examined, but were not found to be significant. This suggests 
a significant potential prediction mechanism one year into the future by simply assuming that 
the next recruitment will be the same as that in the current year. However, whilst it might be 
statistically strong, such a model is of little use in predicting when the changes between 
states occur. Furthermore, in the absence of any real process understanding, the long-term 
robustness of such a model is unclear. Nevertheless, it provides a useful baseline against 
which other future potential models should be tested: only in cases where the proposed 
model can be shown to statistically outperform this simple baseline model should the new 
model be accepted. 
 
 
5. Discussion  
 
The general inability of the marine science community to understand and predict recruitment 
to fish stocks stems from the inherent complexity of the process. At the most fundamental 
level, recruitment variability can be viewed as the outcome resulting from the variable 
number of offspring (eggs) produced as well as the integrated and variable effects of 
density-independent and density-dependent processes on all pre-recruit stages. Density-
dependent processes include competition for food with conspecifics and/or offspring of other 
species, predation by other species and the possibility of cannibalism. Included here are also 
the potential effects of changes in stock structure e.g. proportion of older, repeat spawners in 
the population, which may affect both egg quality and spawning time, and thereby indirectly 
affect the recruitment. Density-independent factors include all the physical processes 
influencing pre-recruits and their prey, hereunder changes in temperature, salinity and 
dispersion processes.  
Two major hypotheses were developed here that may account for the remarkable changes 
in recruitment to the blue whiting stock (Figure 8). The “food” hypothesis suggests that 
changes in the “prey” (biological) environment are key, as they influence the amount, type 
and/or distribution of prey that are available to the pre-recruits. Individual growth is therefore 
impacted, and in turn gives rise to changes in survival and recruitment via multiple 
mechanisms: larvae can potentially starve, if there is insufficient prey (c.f. Figure 5) or may 
experience different predation mortality rates (via the growth-mortality hypothesis).  
Atlernatively, the “predation” hypothesis is centred upon the role of mackerel predation upon 
blue whiting. Changes in the spawning distribution change the distribution of spawning 
products and thus the overlap of adult mackerel and blue whiting pre-recruits. Changes in 
the overlap modulate the intensity of predation and thus impact survival rates and 
recruitment. 
Other secondary processes can also be envisaged. For example, changes in the physical 
environment can also impact the temperatures experienced by the early-life stages, altering 
the growth characteristics and prey requirements and thus modulating both the probability of 
starvation and the intensity of predation (again via the growth-mortality hypothesis).  
It was not possible to accept or reject any of these major hypotheses directly. Whilst there 
appears to be good evidence supporting them, it is important to emphasise that these are 
still only hypothesises, both of which are still lacking key pieces of the puzzle. Even more 
critically, the underlying assumption of recruitment being controlled by a single, constant 
process (e.g. Hjort, 1914) is also most probably incorrect – the true underlying mechanisms 
may actually be a combination of these, or other, processes, whose importance varies on 
decadal, inter-annual or even intra-annual time scales. Thus, the hypotheses presented here 
should be considered only as a framework for future research, rather than conclusions in 
themselves. 
The North Atlantic sub-polar gyre is the common thread linking these processes: all 
proposed mechanisms can ultimately be traced back to the gyre. This is not surprising 
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considering its importance: the gyre is the dominant feature controlling the environment in 
the region where blue whiting spawn and grow up, and impacts both the physical 
(temperature, salinity) and biological (plankton abundance and type) characteristics of this 
region (Hatún et al., 2005, 2009b). However, although there is synchronicity between the 
dramatic changes in the gyre and changes in recruitment, there is no direct correlation 
between the gyre index and recruitment over the time periods considered here (Figure 7b). 
This does not mean that the gyre does not have an effect on recruitment: the changes 
around 1996 and the effects on various levels of the ecosystem together with the 
mechanisms proposed here all indicate a role. Rather, these results suggest that the 
relationship is more complex than a simple one-to-one equality indicated by a correlative 
analysis and that more than one of the multiple pathways proposed in Figure 8 may be at 
play.  
The key to predicting recruitment lies in the understanding of the actual processes regulating 
recruitment, and how they are potentially influenced by external drivers. We have focused 
predominately on the density-independent processes here, as they generally tend to be 
more amenable to scientific investigation. However, density-related effects, such as the 
effect of high abundances of pelagic fish (including blue whiting) on the abundance of 
zooplankton in the Norwegian seas, have also been proposed. Many of these processes are, 
in turn, linked, directly, or indirectly, to the physical environment, which is generally much 
better understood in terms of observations, modelling and the ability to forecast. If the 
assumed linkage between the physical environment and recruitment can be demonstrated 
rigorously, the existing and constantly improving ability to predict the physical environment 
could be exploited, at least in theory, to generate reliable recruitment predictions. However, 
a key caveat remains: without a detailed understanding of the link between the two, there is 
no rational basis for making predictions. 
 
 
6. Conclusions 
 
In this work, we have investigated the recruitment dynamics of blue whiting in the NE Atlantic 
with a view to understanding the mechanisms driving the dramatic changes observed and to 
assess whether it is possible to make recruitment forecasts. We have generated and 
examined a series of mechanistically-based hypothesises that can potentially explain the 
observed changes. However, whilst there appear to be several strong candidate 
hypothesises, there is no objective basis to choose between them. We therefore conclude 
that in the absence of a mechanistic understanding of the system, it is not currently possible 
to make recruitment forecasts. Resolving the hypotheses developed here, however, may 
render such forecasts feasible. 
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Figures 
 
 
 
Figure 1. Spawning and distribution areas of blue whiting (after Bainbridge and Cooper, 
1973; Baily, 1982; Monstad, 2004). 
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Figure 2. Development of the blue whiting stock from the analytical stock assessment (ICES, 
2010a), showing the spawning stock biomass (heavy black line; left axis) and recruitment at 
age 1 (grey bars; right axis). 
 
 
 
 
Figure 3. Simplified illustration of the source flows to the Rockall Region. a) A strong 
subpolar gyre results in strong influence of cold subarctic water near the Rockall Plateau 
(subarctic state). 
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b) A weak gyre results in a warm subtropical anomaly near the plateau (From Hátún et al. 
2009b) (subtropical state). 
 
 
c) Time series of the sub-polar gyre index – a high value indicates a subtropical state, a low 
value a subarctic state. Abbreviations - RP: Rockall Plateau and PB: Porcupine Bank. 
(Hátún et al., 2005) 
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Figure 4. Variability modes related to Northern Hemisphere Temperature. Spatial patterns of 
(a) the first Phytoplankton Colour Index mode (PCI), and (b) the first SST mode. (c) The 
corresponding time series (principal components) (Hátún et al., 2009). 
 
 
 
Figure 5. Fluctuations in total biomass of pelagic fish and zooplankton in the Norwegian Sea. 
Spawning stock biomass of mackerel (dark-grey area), Norwegian Spring-spawning herring 
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(grey area) and blue whiting (left-grey area) from analytical stock assessment (ICES, 
2010a). Average zooplankton density (g dry weight.m-2; heavy black line) from the 
International ecosystem survey in the Nordic Seas (ICES, 2010b). 
 
 
Figure 6. Maps showing mean catch of blue whiting by ICES squares in the pre-spawning 
period (quarter 1) during a) a period with low recruitment  (1989-1996), and b) a period of 
high recruitment (1997-2005) (Hatun et al. 2009b), and the overlap with mackerel (based on 
catch distribution in 2005; ICES, 2010a).  
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Figure 7. Potential recruitment prediction relationships a) Relationship between blue whiting 
spawning stock biomass (SSB) and the cohort size produced in a given year. Sequential 
years are joined by a line to enable visualisation of the SSB-recruitment trajectory. b) 
Relationship between the subpolar gyre index (ICES, 2009) and (log) cohort size of the 
corresponding year class c) Relationship between the (log) cohort size in a given year and in 
the subsequent year. Recruitment (cohort size) is estimated here at age 1 (ICES, 2010a). 
Due to a high uncertainty in the most recent recruitment estimate (2008 cohort) this value 
has been omitted from the analysis. Note that the cohort size is plotted on a logarithmic 
scale for figures b and c. Points are labelled with the last two digits of the cohort. 
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Figure 8.  Summary of the proposed mechanisms potentially explaining recruitment of blue 
whiting. The two key hypotheses developed in this work are highlighted within the red boxes. 
Arrows indicate causal linkages between phenomena and should be read as “influences”. 
